form renal damage and mental retardation commonly occurred. This division into mild and severe forms is probably artificial because gradations between the two forms have emerged. We here describe three infants who were severely affected, and, in support of the conception of intermediate forms, a fourth infant who was moderately severely affected; in addition, this infant showed some of the features of infantile renal acidosis (Lightwood, 1935) . We also report our observations on the facies as it is often a prominent and diagnostic feature of the disease.
Case Histories Case 1. B.G. was the second child of healthy parents. Pregnancy and delivery were normal, and her birth weight was 7 lb. 12 oz. She was breast fed for the first three weeks, and then as lactation failed she was fed on National Dried Milk, half cream for six weeks and subsequently full cream. About 400 units of vitamin D (National Cod Liver Oil compound) were given daily.
Vomiting dated from birth, and usually occurred about half an hour after a feed; it was often bile stained. Initially she took her feeds fairly well but as her gain in weight was unsatisfactory she was admitted to a hospital at the age of 3 months; while there regurgitation occurred and a barium meal was normal; she was discharged home after four days. Her vomiting and failure to thrive continued, and at the age of 4 months one of us first saw her at an infant welfare clinic. Her weight was then 9 lb. 14 oz., and physical examination showed an apathetic infant, with a wide mouth, epicanthic folds and a concomitant squint (Fig. 1) the skeleton showed increased density at the base of the skull (Fig. 2) , of the periorbital bones (Fig. 3) , at the ends of the long bones and the upper and lower borders of the vertebrae.
Serial biochemical estimations were made over the first five weeks (Table 2) . Four weeks after admission the serum calcium level was unequivocally raised to 13-3 mg. %. The serum cholesterol was normal on three occasions (132 mg. %, 125 mg. %, and 117 mg. %). TREATMENT AND PROGRESS. Treatment with cortisone by injection was started when she was just over 21 weeks old (Table 2) ; the dose varied but initially was 75 mg. daily for four days, and then 50 mg. daily. She was fed on National Dried Milk, but no added vitamin D was given. The serum calcium level dropped to 10 4 mg. % five days after starting cortisone, and apart from one raised value of 12 0 mg. % 10 days afterwards, it remained normal (Table 2) . While she was on cortisone therapy a calcium balance was attempted but this was abandoned after 42 hours because she developed a severe rectal prolapse. She made slow progress, being difficult to feed, vomiting and failing to gain an adequate weight.
A milk mixture which resulted in an intake of not more than 100 mg. of calcium daily was given but her anorexia became worse. At the age of 28 weeks she developed diarrhoea and the cortisone was stopped. The diarrhoea subsided, but her vomiting persisted and the serum calcium levels rose, the highest being 19 mg. % at the age of 9 months. The blood urea varied between 57 and 100 mg. %. Radiographs of the skull and the ends of the long bones showed an increase in density. Cortisone therapy, 50 mg. daily, was started again, and she was discharged from hospital. Her symptoms persisted, however, and both her azotaemia and hypercalcaemia remained unchanged. At the age of 23 months she developed severe whooping cough; her blood urea rose to 150 mg. % and she died two days later.
NECROPSY (Dr. E. H. Bailey). The essential findings were that the kidneys weighed 15 g. (normal 45 g.). Both organs were pale. Thin streaks of calcium-like material were seen in the pyramids of both kidneys (Figs. 4 and 5) . The heart weighed 75 g. (normal 55 g.).
The left ventricle showed a well marked concentric hypertrophy. The right auricle was dilated and the right ventricle showed a little concentric hypertrophy. The edges of the mitral and tricuspid valves were thickened but there was no macroscopic calcification. The brain itself was normal but the right lateral sinus was completely obstructed by an ante-mortem clot. In the skull the basisphenoid and the bone forming the upper wall of the orbits were thickened. Other organs were normal. HISTOLOGY (Dr. S. J. de Navasquez). The heart, stomach, spleen, thyroid, suprarenal glands and bone from the base of the skull were all normal. The liver showed severe passive congestion, and the lungs purulent bronchopneumonia. The intima of the aortic valve showed non-specific fibrous thickening. The cortex of the kidneys showed glomerular atrophy and periglomerular fibrosis (Fig. 6 ). In the medulla there were focal areas of calcium-like material which extended into and disrupted the collecting tubules in the vicinity Table 3 . A metabolic bed was used, and the stools were collected into cellophane-lined containers. In girls the urine was collected through a vulval mould and in boys through Paul's tubing. All receptacles for stools and urine were previously rinsed with distilled sterile water. Duplicate aliquots of stools, urine and a homogenate of a duplicate diet were digested with fuming nitric and perchloric acids. The digest was made up to volume and insoluble fatty acids were filtered off. After adjustment of pH, calcium was precipitated with excess oxalate and estimated by titration with standard potassium permanganate solution. Table 3 shows the results of the balances. Cases 2 and 4 each had two balances, before and after cortisone therapy. Balances were attempted in Cases 1 and 2 in the early stages of their illness but were not completed as they were badly tolerated. Case 1 had a short balance lasting 42 hours while she was on cortisone, and although the results have been recorded, interpretation must be especially cautious. However, the figure of 38 % retention is similar to that reported by Forfar, Balf, Maxwell and Tompsett (1956) and Morgan, Mitchell, Stowers and Thomson (1956) in affected infants of the same age while taking cortisone. The daily retention of calcium in Case 2 was 30 % which is between one and a half and three times more than normal at this age (Daniels, 1941; Watson, McGuire, Meyer and Hathaway, 1945; McLean, Lewis, Jensen, Hathaway, Breiter and Holmes, 1946; Irving, 1950) . The daily retention in Case 4 was about normal when expressed as a percentage of intake but in absolute figures (137 mg. and 248 mg.), both children retained between one and a half and three times normal (Shohl, 1939; Holmes, 1945; Mitchell, Hamilton, Steggerda and Bean, 1945) . Schlesinger, Forfar et al. (1956) in affected children of similar age reported daily retentions of 74 mg. and 126 mg. of calcium (7 7% and 16 % of intake).
Effect of Cortisone. The effect of cortisone on calcium retention is shown in Table 3 . In Case 2 calcium retention increased from 30 % to 37 % and in Case 4 from 20% to 33 %. The total intake varied in our children, but Watson et al. (1945) found that similar variations of intake did not influence the percentage retentions in normal children. The effect of cortisone on calcium retention which we observed was similar to that found by Fletcher (1957) in a boy of 3 years in whom the faecal calcium decreased when he was given 15 mg. of cortisone daily. However, although others (Bonham Carter, Dent, Fowler and Harper, 1955; Forfar et al., 1956; Morgan et al., 1956 ) have found that cortisone increases the faecal calcium and therefore reduces calcium retention, their studies were on younger patients in whom cortisone therapy had been of shorter duration. Nevertheless, we cannot satisfactorily account for the difference in these findings, especially as cortisone was so effective in reducing the serum calcium levels (Figs. 10 and  12) .
The Facies The unusual facial appearance was recognized by and Fanconi (1951) , and it has been used to help distinguish the severe from the mild type. How soon after birth it develops is unknown. The mother of B.G. told us that she thought the face was 'queer looking' at birth, and it was sufficiently characteristic at 4 months of age for the clinical diagnosis to be made (Joseph, 1956) .
The facies in this disease has received less attention than some of the other features, but since it usually indicates severity, it is both an important diagnostic and prognostic sign.
There have been too few examples observed for all the facial variations and combinations to be known, and for a great many generalizations to be made, and the following notes are no more than an attempt to focus attention on some of the changes. One of the difficulties we have encountered is our ignorance of the range of normal, if any face can be called normal. The facial appearance in this disease is due to the presence of a combination of features, but we do not know which particular (Fig. 13a) . The nose is pinched and retrousse', with the nostrils pointing forwards (Fig. 13b) ; because there is some filling in at the sides of and across the nose, the appearance has been likened to that of a pekinese dog (British Medical Journal, 1954) . The upper lip is prominent and appears loose (Fig. 13e); it lacks the usual bow and the pars villosa may persist (Fig. 13c) . The mouth is sometimes asymmetrical and is generally kept open, the lower lip hanging slackly. The temples are narrow (Fig. 1 3d) .
The profile is affected by the receding chin and by the rounded and sometimes prominent forehead (Fig. 1 3e) . The ears may be large but are normally placed (Fig. 13e) .
The ears have been described as being low set but we think they appear so because these children frequently adopt a 'chin-up' position (Fig. 14) . This deception is added to if the ramus of the mandible is short or if its angle with the body of the mandible is more acute than normnal. The ear may also appear low if the vertex of the skull is deep; this was well illustrated when the father of an affected boy said he thought that his son's head was high rather than that his ears were low. Finally, a relative increase in the amount of the pinna below the meatus will make the ear appear low in the same way as a large ear may.
The profile of these infants runs, downwards and backwards and therefore the Frankfurt line does not form even an approximate right angle with the profile. Although the ear appears low the external auditory meatus maintains a norlnal relationship with the base of the skull (Fig. 15) . The cause of the facies is unknown. Russell and Young (1954) have suggested that it is due to abnormal growth of the basisphenoid. Schlesinger et al. (1956) reviewed 10 cases of the severe type and all had both the characteristic facies and radiological changes in the skull. Our Cases 1, 2 and 3 were similar in these respects. Case 4 showed changes in the skull but except for a prominent forehead the facies was not characteristic. Of more than a score of infants with the less severe form of hypercalcaemia (Lightwood, 1952; Lowe et al., 1954; Bonham Carter et al., 1955; MacDonald and Stapleton, 1955; Forfar et al., 1956; Morgan et al., 1956; Rhaney and Mitchell, 1956; Kendall, 1957) , none had radiological changes in the skull; in three the facial appearance was described as normal and in the remainder there was no comment. These observations suggest that the bone changes in the skull are responsible for the facies, but because some of the facial features seem to be due to alterations in the contours of the soft tissues, it is possible that the bone changes only play some part in the facial appearance.
Types of Idiopathic Hypercalcaemia Stapleton and Lightwood (1953) suggested that certain clinical and radiological features served to distinguish cases of simple idiopathic hypercalcaemia with failure to thrive from those with general retardation and osteosclerosis. Lowe et al. (1954) have elaborated the differences. (Russell and Young, 1954; Lightwood, 1955 Lightwood (1952) and Payne (1952) reported that an associated renal acidosis was occasionally present in simple hypercalcaemia and Lightwood (1955) found this in six of 50 cases. In none of these patients, however, were there bone changes such as those found in Case 4.
As it is now recognized that the prognosis is not always good in the simple or so-called benign cases, it is suggested that the term 'benign' should no longer be used.
Necropsy Findings
The findings at necropsy and the histological changes have been described and discussed fully by Dawson et al. (1954) , Lowe et al. (1954) and Schlesinger et al. (1956) . Darmady and Stranack (1957, 1958) have microdissected a number of these kidneys and consider that the focal areas of deposit are probably a phosphate protein complex, and should at the moment be referred to as 'calcium-like'.
The changes in the kidneys found in Case 1 were similar to those previously reported. Although nephrocalcinosis was not diagnosed before death, calcium-like material was clearly seen in the cut surface of the kidney macroscopically and radiologically (Figs. 4 and 5 ). Darmady and Stranack (1958) have fully described their findings on microdissection of the kidney in Case 1 and we are grateful to them for allowing us to use their report and microphotograph. Briefly, they found focal areas of calcium-like material adherent to the basement membrane and projecting laterally from the proximal tubule wall. Similar areas were seen in the distal and collecting tubules (Fig. 16 ).
Conclusion
The cause of infantile hypercalcaemia and an explanation of many of its clinical features remain unanswered. The exact incidence of the condition is unknown but Morgan et al. (1956) have pointed out that in Dundee between 1953 and 1955 it accounted for 4-6% of all medical admissions of children aged 6 to 12 months, ranking fourth in frequency after respiratory infections, feeding difficulties and otitis media. We do not know whether its incidence is diminishing, but if sensitivity The architecture of the proximal tubule is normal. ( x 280.) to vitamin D (Lancet, 1954) is an important contributory factor, then the recent recommendation (Her Majesty's Stationery Office, 1957) Three patients were treated with cortisone, and in two the response was good; the third died and the results of necropsy are discussed. Balance studies on these three patients reveal an increased retention of calcium, and cortisone was found to augment this retention.
The individual features of the facies are illustrated
